PHYSIOLOGICAL ONTOGENY : A. CHICKEN EMBRYOS. VII. THE CONCENTRATION OF THE ORGANIC CONSTITUENTS AND THE CALORIFIC VALUE AS FUNCTIONS OF AGE. by Murray, Henry A.
PHYSIOLOGICAL  ONTOGENY. 
A.  CHICKEN EMBRYOS. 
Vll. Tm~ CONCENTRATION  OF TIlE  ORGANIC CONSTITUENTS  AND TIIE 
CALORIPIC VALUE AS FUNCTIONS OF AG]~. 
BY HENRY  A. MURRAY, JR. 
(From the Hospital of The Rockefeller  Institute/or Medical Research, 2Vew York, and 
the Biochemical Laboratory, University of Cambridge, Cambridge, England.) 
(Accepted for publication, January 9, 1926.) 
It seems desirable that knowledge of the chemical constitution  of 
the organism  at  successive  stages  in  the  life  span  be made  more 
precise, so that chemical ontogeny may be correlated with functional 
differentiation and these data brought into line with the age-old prob- 
lem of form and function.  It is, moreover, of interest to make at least 
a  preliminary  analysis of growth into its principal constituent parts so 
that one may know the extent of growth at least in respect to water, 
inorganic, and organic substances. 
It was with these objects in mind that the experiments  included in 
this  communication  were  conceived.  More  specifically  the  study 
consists of chemical analyses and determinations of the percentage  of 
water, inorganic matter, glycogen, protein, and fat in chicken embryos 
of 5 to 19 days of incubation age.  The chemical findings were checked 
by calorimetric tests so that the rate at which each separate substance 
was stored in the body and the total calorific value or potential energy 
of the embryo could be expressed in terms of age. 
Methods. 
The embryos, separately or collectively,  depending upon their size, were weighed 
in weighing bottles, cut up into small pieces, and then dried to constant weight in 
an oven at 102°C.  Later, alcohol was added before the embryos were cut up, with 
the intention of inhibiting enzyme action, but no definite evidence was found that 
this procedure made any difference in the result.  The dried material  thu~ ob- 
tained was used for the chemical analyses. 
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The  nitrogen concentration of  the  dried  substance was  determined by  the 
Kjeldahl method, and the value so  obtained was multiplied by the factor 6.25 
to give a rough approximation of the protein content. 
The term fat is used to designate the extract obtained aftei washing the ground- 
up dried tissue with a mixture of equal parts of alcohol and ether followed by 24 
hour extraction with redistiUed anhydrous ether in a Soxhlet tube.  The material 
was reground in a  mortar with fine sand after the ether-extraction process had 
been partly completed.  The flasks containing the extract were dried to constant 
weight over parai~n in a vacuated desiccator. 
As a rough criterion of the carbohydrate content of  the  embryo, we analyzed 
for glycogen with Pfltiger's method (1)  following closely Cole's modification (2) 
TABLE  I. 
Standardization  of Bomb Calorimeter. 
2ane-sugar.. 
EIippuric acid. 
Weight. 
1.7723 
1.7058 
0.6742 
0.9523  i 
~0.8872 
Total 
heat 
generated.* 
ca~. 
7050.0 
6783.6 
3836.7 
5442.9 
5063.8 
Average.. 
Tcm- 
pemt~e 
rise. 
°C. 
3.032 
2.923 
1.641 
2.342 
2.177 
Water 
equiva- 
lent. 
325 
321 
338t 
324 
326 
324 
Caloric 
value when 
wate~ 
equivalent 
is taken 
as 324. 
ca/. 
3953.2 
3960.8 
5634.1 
5668.1 
5663.1 
Error. 
#er 5~t 
0.05 
0.14 
0.60 
0 
0.09 
0.2 
approximate. 
* Total heat generated  =  weight of substance ×  caloric value (cane-sugar  = 
3955.2 cal.; hippuric acid  =  5668.2 cal.)  +  weight of iron wire match  X  caloric 
value (1600 cal.). 
f This result deviates to an unusual degree from the mean, and was conse- 
quently omitted in estimating the water equivalent. 
except for the amounts of the solutions used.  The final estimations of the glucose 
formed on hydrolysis were done according to Benedict's quantitative method (2). 
These analyses for glycogen were made with whole undried embryos.  The results 
expressed in terms of dry weight were calculated on the basis of the values pre- 
viously obtained for the water content at different ages. 
The ash  content was  determined by careful ignition at  dull redness over a 
Bunsen burner. 
Determinations  of fuel value were made in a Berthelot-Masler bomb calorimeter 
as modified by Kroeker. HEN-RY A.  M~I~AY~  JR.  407 
To obtain the water equivalent for the apparatus, experiments were done with 
pure  samples of cane-sugar and hippuric acid the calorific values of which are 
known (3955.2 and 5658.2 calories respectively (Table I)). 
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FIG. 1.  The logarithm of the weight in mg. plotted against the logarithm of the 
time.  The upper line describes the results obtained in Cambridge (T. 39.2°C.), 
the lower line the New York results (T. 38.8 °) 
The Source and Management of the Material. 
The eggs used for the estimations of the nitrogen and fat content of embryos 
were laid during the winter (1923-24)  by White Leghorn hens of 8 to 12 months 
of age kept on a farm in New York State.  For these eggs the standards of incu- 
bation maintained were as outlined in a previous paper (3) (temperature 38.8°C.; 
humidity  67.5  per  cent).  The  eggs for the glycogen and  caJorific  value deter- 408  PHYSIOLOGICAL  ONTOGENY.  VII 
minations were likewise laid in the winter months (1924-25)  by hens of a similar 
breed and age,  but in this case  on a  farm in the neighborhood of  Cambridge, 
England.  The conditions of incubation for these eggs were somewhat different. 
Instead  of  a  constant temperature  room,  an  electrically heated  incubator of 
Hearson's patent was used.  The humidity varied from 60 to 70 per cent, and the 
temperature from 38.2-40.0°C. with averages of 67.5  per cent and 39.2°C.  re- 
spectively.  The eggs were rolled twice a day at room temperature.  For these later 
(Cambridge)  experiments the  hens  were  numbered and  trap-nested.  It  was 
TABLE  II. 
Weights of Chicken Embryos According to Age. 
(T. 39.2°C.) 
I  2  3  4  5 
No. of embryos  Average  weight.  Standard error.*  Age.  weighed,  a~  Log weight in rag. 
days 
7 
9 
10 
11.7 
12 
13 
13.8 
14 
15 
15.9 
16.3 
16.8 
17 
17.7 
18.7 
19 
13 
16 
15 
4 
10 
6 
3 
2 
5 
4 
3 
2 
7 
4 
6 
7 
gm. 
0.85 
1.86 
2.88 
4.85 
6.39 
7.94 
10.30 
11.36 
14.85 
17.00 
18.44 
19.16 
19.38 
24.42 
24.77 
26.59 
0.03 
0.06 
0.17 
O. 34 
0.48 
O. 19 
0.08 
0.4~ 
O. 68 
0.64 
0.91 
O.-~8 
0.67 
O. 52 
0.55 
2.93 
3.27 
3.96 
3.69 
3.81 
3.90 
4.01 
4.06 
4.17 
4.23 
4.27 
4.28 
4.29 
4.39 
4.39 
4.92 
* The standard error = 
Standard deviation 
VeNo. of observations' 
possible by this means to follow the eggs from any one hen, and thus, if necessary, 
to diminish the extra error entailed by the greater variability of eggs chosen at 
random from the group. 
In the second set of experiments it was noticed that the embryonic weights 
were somewhat higher and the date of hatching earlier than in the New York 
series.  This difference may have been associated with the shorter period of chill- 
ing before incubation or with the slight elevation of the average incubation tem- 
perature in the former series.  The embryos used at Cambridge may be compared 
with the much larger series collected during the period of a year and reported in a HENRY A. ~ITR!~Y, yR.  409 
previous paper (4)  (Fig.  1; Table II).  The lower of the two straight lines,  cor- 
responding to the formula log W  =  3.6 log t  -  0.175,  was drawn to describe the 
points obtained when eggs were incubated at 38.8°C.  In each case it was found 
that when the embryo reached a  weight of about 25.0 gm. there was a  further 
diminution in growth rate and the subsequent  weights fell off the straight line 
formed when log weight was equated with log time.  In the series incubated at 
38.8°C., a weight of 25.0 gin. was reached on the 19th day, about 24 hours before 
the most advanced embryos commenced to hatch.  In the later series of eggs in- 
cubated  at  39.2°C.  these  events  occurred 1 day sooner;  that  is,  the  embryos 
had  attained  an  average weight  of approximately  25.0 gm.  on  the  18th  day 
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FIG. 2.  To show the increase in egg weight during the early weeks after the 
initiation of laying. 
and by the  19th day a  number of the chicks had commenced to hatch, and  as 
may be observed the point on the double logarithmic chart had fallen below the 
straight line.  It must be pointed out that it would be a mistake to consider tem- 
perature  the only factor responsible for the difference in the position and slope 
of the two lines since other variables were involved. 
A study of correlations between the age of the hen, the chemical constitution 
of its egg, and the subsequent differentiation of the embryo would bear on the 
problem of aging.  For this we have no directly relevant data.  Attention is called 
however,  to the  accompanying figure  (Fig.  2)  which shows the  change in  the 
weekly average weight of eggs following the initiation  of laying by a  group of 
young pullet hens.  It is not known in what other respects the eggs differed, but in TABLE  III, 
The Dry Weight of Chicken Embryos at Successive Ages. 
Solid substance  6  7  8  9  10 
by analysis,  from 
curve.  Wet  Dry  Daily in-  Mid-ln-  Growth 
Age.  1Vo. of  weight  weight  c~ement  crement  rate of 
embryos.  3  4  5  embryo,  embryo,  dry  dry  dry sub- 
weight,  weight,  stance.  Gin. per  Per cent  Per cent 
I00 gm.  of total  of total 
H20.  weight,  weight, 
days  ]  i  rag.  rag.  rag,  rag.  pgr c,  e~ 
i 
i  J 
5  136  5.62  5.32  5.32  221  11.75 
11.85 
6  79  5.95  5.61  5.58  423  23.6  15.7  66.5 
19.4 
7  44  6.22  5.85  5.85  735  43.0  25.1  58.4 
30.8 
8  16  6.68  6.26  6.21  1,189  73.8  37.5  50.8 
44.3 
9  37  7.52  6.99  6.50  1,817  118.1  56.2  47.5 
68.2 
10  32  7.34  6.84  7.00  2,661  186.3  85.3  45.7 
I  102.5 
11  ~  7.70  3,750  288.8  131.6  45.6 
I  160.7 
12  20  9.25  !  8.47  8.80  5,105  449.5  200.8  44.7 
241.0 
13  14  11.36110.20  I0.10  6,839  690.5  325.2  47.1 
I  409.4 
14  16  13.96  12.25  12.25  8,974  1,099  492  44.7 
575 
15  5  18.03  I 15.28  14.60  11,460  1,674  630  37.6 
686 
16  4  19.18  16.10  16.40  14,390  2,360  708  30.0 
730 
17  19  i 20.79  17.22  17.22  17,950  3,090  763  24.7 
797 
18  42  i21.42  17.64  17.69  22,030  3,887  814  20.9 
832 
19  12  i 21.12  17.44  17.70  26,670  4,719 
The results in this table are given without their standard errors.  The vari- 
ability of the individuals could not be obtained as the embryos were in most cases 
analyzed collectively. 
In Column 5 are given the values as read from the smooth curve.  These will be 
used in the calculations involving  dry weight. 
In Column 6 are listed the figures for chicken embryo weights as given in a 
previous paper. 
Column 7 =  Column 5 ×  Column 6. 
Column 8 shows the differences in the successive values given in Column 7. 
In Cohmm 9 are given the mid values between successive increments.  These 
figures are meant to approximate the daily increment rate of dry growth. 
Column 9 
Column 10  Column 7' or the percentage rate of dry growth. 
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view of the possibilities  it is considered desirable to record in the future the season 
of the year and the age of the hells from which eggs used for experimental purposes 
were derived. 
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FIG. 3.  The percentage by weight of dried tissue as a function of the incubation 
age of chicken embryos. 
R~SULTS. 
It is apparent that the results of the chemical analyses show con- 
sidemble variations.  For our present purpose it seems that the data 412  PHYSIOLOGICAL  ONTOGENY.  VII 
are adequate.  Should the necessity arise for more precise measure- 
ments  they may be  supplemented  by further observations  so as  to 
obtain more representative statistical averages for each age. 
The figures for the percentage of dried  solid in  terms  of age  are 
fairly reliable,  due to  the relatively large number of determinations 
(Table III).  The curve  (Fig.  3)  shows  that the proportion of solid 
matter to water increases with age, the most marked acceleration of 
TABLE IV. 
Nitrogen Content of Chicken Embryos As a Function of Age. 
Age.  No. of 
determinations. 
days 
6  8 
7  10 
8  4 
9  1 
10  3 
11  1 
12  3 
13  2 
14  2 
15  4 
16  1 
17  2 
18  2 
19  4 
20  2 
Average No. of 
embryos for 
each 
determination. 
Nitrogen 
per 100 gin. of 
dry substance. 
gm. 
11.1 
11.2 
11.6 
12.2 
11.3 
11.4 
10.8 
11.3 
11.4 
11.8 
10.5 
11.1 
11.2 
10.0 
9.4 
Standard  error.* 
=t= 
0.6 
0.2 
0.8 
0.1 
0.6 
0.5 
0.3 
0.4 
0.2 
0.3 
0.2 
0.4 
6.25 N or 
protein per 100 
gin. of dry 
substance. 
69.4 
70.0 
72.5 
76.2 
70.6 
71.2 
67.5 
70.6 
71.3 
73.8 
65.6 
69.4 
70.0 
62.5 
58.8 
* The standard error = 
Standard deviation 
%/No. of observations  ~ 
the tendency occurring during the third quarter of the period under 
inspection.  This  phenomenon  has  frequently  been  observed  in 
numerous different organisms, but recorded in a more or less unsyste- 
matic  fashion.  Tangl  (5)  pointed  out  that  phylogeny,  as  well  as 
ontogeny, showed the same tendency towards desiccation with evolu- 
tion.  Aron (6) collected a large amount of data on the subject in 1913, 
and  more  recently Moulton  (7)  has  summarized  the  main  facts  at 
hand and has added figures obtained by himself and  coworkers from 
cattle and swine. ILEITR¥ A. MIYlLRAY~ yR.  413 
None of the available figures give an adequate account of the proc- 
ess during the embryonic period,  especially of chicken embryos, and 
over no period of the life span are they sufficiently precise to be used 
as a basis for calculation.  Although our own figures showed maximum 
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FIG. 4. The percentage of nitrogen (× 6.25) in the dried tissue of chicken em- 
bryos as a function of age. 
variations of about 4-  15 per  cent about the mean for each age, the 
number of determinations and the smoothness of the curve suggest 
that the results have sufficient validity.  Due to the importance of 414  PHYSIOLOGICAL  ONTOOENY.  VII 
water for all chemical reactions the fact that there is a gradual diminu- 
tion in its percentage concentration with age is suggestive of concomi- 
tant  dissipation  of functional capacity.  This notion  has  formed in 
the  past  a  starting  point  for  speculation  concerning  the  necessary 
conditions of senescence. 
Many other investigators have observed the fact that the nitrogen 
and thus presumably the protein content of the tissues increased with 
age, but no conclusion was possible as to whether this was the result 
of relative water loss or of an actual change in the proportion of the 
TABLE V. 
Ether Extract (Fat) Content of Chicken Embryos As a Function of Age. 
No. of  Average No. of  Fat per 100 gin. of  Standard error.* 
embryos for each  dry substance.  =~  Age.  determinations,  determination. 
days 
5 
7 
9 
10 
11 
13 
14 
15 
16 
17 
18 
19 
2O 
35 
28 
24 
10 
gt/~. 
13.0 
17.3 
17.5 
17.2 
1 
3 
1 
1 
2 
14 
7 
15 
4 
5  17.5 
7  19.0 
2  17.1 
2  17.9 
2  18.7 
1  22.6 
1  25.4 
1  28.0 
1  31.5 
0.4 
0.4 
1.5 
0.3 
0.5 
0.7 
0.7 
0.7 
Standard deviation 
* The standard error  = 
~v/No. of observations" 
protein to the other solid constituents of protoplasm.  Our own figures 
are  scanty and  not  entirely conclusive'  (Table  IV).  They may be 
represented  graphically  (Fig.  4).  The  curve  through  the  average 
points indicates  that  throughout  the greater part  of incubation  the 
concentration of protein in the dried tissue remains approximately 70 
per  cent.  During  the last  3  or 4  days  there is a  gradual  decrease, 
which concurs in time,  as will be  seen later,  with an increase in the 
1 The nitrogen determinations were done by Miss Alma Rosenthal and Mrs. 
Edith L. Wile. HENRY  A. MLrRRAY, JR.  415 
fat content of the embryo.  It is as if protein were displaced by fat. 
The figures obtained by Riddle (8)  on the yolk of pigeon eggs give 
the reciprocal of this phenomenon. 
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FIG. 5.  The percentage of fat (ether extract) in the dried tissue of chicken em- 
bryos equated against the incubation age.  The black circles represent the average 
of three or more determinations. 
The figures for fat show deviations of similar magnitude from the 
mean  (Table  V).  It  is  perfectly  clear,  however,  from  the  graph 416  PHYSIOLOGICAL  ONTOGENY.  VII 
(Fig. 5)  that  there is a  gradual increase in  the fat content with age 
which is most marked during the fourth quarter of the  embryonic 
period.  It is not at all certain what form the curve may have during 
the first half of incubation, but this is of minor importance.  During 
the time of marked positive acceleration a sufficient number of analyses 
were made to identify within a reasonable degree of accuracy the slope 
of the line.  Plimmer and Scott (9) have found that beginning with 
the 16-17th day of incubation there is a marked increase in the ratio 
of inorganic to organic (ether-soluble) phosphorus, so that it seems 
probable, in the opinion of these authors, that at this time glycerophos- 
phoric acid compounds become converted into inorganic phosphate 
TABLE  VI. 
Glycogen Content of Chicken Embryos As a Function of Age. 
Average  Glycogen in  Standard  Dry  Glycogen 
Age.  No. of  No.of embryos  whole  error,  substance in  per I00 gin. of 
analyses,  for  embryo.  =~  embryo,  dry substance. 
each analysis. 
days 
5.7 
11.7 
13.7 
14.7 
15.7 
16.7 
17.7 
18.7 
2O 
40 
8 
3 
2 
2 
1 
1 
1 
2 
~r¢~t 
0.0085 
0.0223 
0.0314 
0.0561 
0.0556 
0.0610 
0.0824 
0.0732 
0.0753 
0.0065 
0.0070 
0.0055 
0.0055 
0.0001 
0.0140 
5.5 
8.5 
11.6 
13.9 
15.9 
17.0 
17.5 
17.7 
17.7 
gm. 
0. 155 
0. 262 
0.271 
0.409 
0.350 
0.359 
0. 471 
0.413 
0 425 
for the calcification of the bones.  This suggests a considerable mobili- 
zation of fat, and is further supported by the finding that catabolism 
during this period is almost solely at the expense of fat.  The theoret- 
ical curves to describe the experimental points in the protein and fat 
charts were  drawn  freely with special consideration for  the  values 
representing the greatest number of observations, and also with a view 
of fitting the data from the other analyses.  In other words, they are 
possible curves for the special points in question and probable curves 
when the figures for protein, fat, and ash are considered together. 
The analyses for glycogen (Table VI) indicate that with age there 
is an increase of this substance when expressed as percentage of dried H~NRY  A.  MURRAY~ yR.  417 
weight..  At no time, however, does it exceed 0.5 per cent, which is 
approximately the standard error of the protein and fat determina- 
tions.  For this reason glycogen need not be included in the calcula- 
tions for the calorific value of the solid substance of tissues.  The 
graph (Fig. 6) shows that glycogen increases most rapidly during the 
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FIG. 6.  The percentage of glycogen in the dried tissue of chicken embryos as a 
function of the incubation  age. 
second and third quarters of the period under discussion.  Asher (10) 
has recently thrown some doubt on the accuracy of Pfliiger's method 
for the estimation of this substance.  By the newer method of Rona 
and van Eweyk (11) he obtained somewhat lower results, and suggests 
that substances other than glycogen are included in the total obtained 
by Pfliiger's technique.  Among those who have estimated glycogen 
in the organism there has been considerable disagreement. 418  PHYSIOLOGICAL 0NTOGENY.  VII 
Only one more or less  systematic  study  of  the  embryonic period 
has  been  found  in  the  literature.  Mendel  and  Leavenworth  (12) 
reported for the pig embryo values increasing from 0.25  to 0.69 gin. 
per gin.  of wet weight during  the latter half of the  embryonic cycle. 
Unfortunately  the  water  content  of  the  tissues  was  not  estimated. 
Claude  Bernard  (13)  discovered  that  glycogen was absent  from the 
TABLE  VII. 
Ash Content of Embryos in Terms of Age. 
Liebermann.*  Author.  Theoretical  figures from curve. 
1  i  2  3  4  5  6  7 
Ash per  Ash per  Ash per 
Embryo  Calculated  I00 gin. of dry  Age.  100 ~m. of dry  Age.  100 gm. of dry 
weight.  [  age.  substance,  substance,  substance. 
mg. 
288 
1,399 
2,006 
2,289 
8,140 
12,100 
16,450 
16,500 
18,150 
18,850 
19,640 
20,610 
21,140 
22,100 
640 
9,358 
26,198 
days 
5.4 
8.4 
9.2 
9.6 
13.7 
15.2 
16.6 
16.6 
gf~,. 
15.4 
13.6 
14.9 
12.5 
10.9 
7.0 
7.5 
8.0 
days 
10 
10 
12 
13 
13 
13 
14 
14 
gm, 
11.0 
11.1 
10.5 
9.8 
9.6 
10.8 
7.9 
10.2 
days 
5 
6 
7 
8 
9 
10 
11 
12 
17.1 
17.2 
17.4 
17.7 
17.8 
18.0 
6.6 
7.5 
19.0 
7.8 
7.1 
7.8 
7.1 
5.0 
9.4 
13.6 
9.5 
11.9 
15 
16 
19 
.19 
19 
20 
20 
7.4  13 
7.5  14 
7.8  15 
8.3  16 
8.3  17 
7.7  18 
8.4  19 
20 
g@$. 
14.7 
14.3 
13.8 
13.3 
12.8 
12.2 
13.6 
10.8 
9.8 
8.7 
7.9 
7.5 
7.5 
7.7 
8.0 
8.4 
* For Liebermann's figures see No.  17 in bibliography.  Column 2 was calcu- 
lated from equation log W  =  3.6 log t -  0. 175. 
liver during the early stages of embryonic life, an observation which 
Gierke  (14)  and  Lubarsch  (15)  later  confirmed  by  microchemical 
tests on tissues.  Glycogen it seemed was to be found mostly in muscle 
and  cartilage.  Analyses  on  young  chicks  at  birth  were  made  by 
Adamoff (16), who found only traces. 
Omitting the carbohydrates as negligible compared to the deviations 
in the individual  embryos and the mean errors of the other analyses, IIENRY A. M'URRA¥,  JR.  419 
there are at least two ways of checking our results for protein and fat. 
The sum of the percentage concentrations of the two latter constitu- 
ents subtracted from 100 per cent should be equal to the concentration 
of ash; and if the proper values for the calorific value of protein and 
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FIG. 7. The percentage of ash in the dried tissue of chicken embryos as a func- 
tion ~of the incubation age.  × =Liebermann's  figures;  o =author's  results; 
e=100-  (proteln-Ffat). 
fat were selected the products of these constants and the results derived 
by the chemical determinations should agree with the bomb calori- 
metric findings. 
The figures for the ash content of chicken embryos reported  by 
Liebermann (17) were found to conform more or less closely to our own 420  PHYSIOLOGICAL  ONTOGENY.  Vll 
TABLE  VIII. 
Calorimetric Determinations of the Fuel Value of the Dry Substance from Chicken 
Embryos. 
Calories 
Age.  Specimen No.  No. of embryos,  per gm. of dry  Average for  Average for 
substance,  each specimen,  each age. 
days 
7 
9 
10 
12 
13 
14 
15 
16 
17 
19 
20 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
17 
21 
15 
10 
6 
1 
1 
1 
1 
2 
1 
1 
5.202 
5.161 
5.151 
5.265 
5.204 
5.273 
5.279 
5.392 
5.510 
5.371 
5.535 
5.695 
•  5.638 
5.848 
5.814 
5.844 
5.845 
5.685 
5.733 
5.765 
6.077 
6.030 
6. 162 
5.977 
5.978 
5.894 
5.981 
6.260 
6.221 
6.042 
6.102 
6.289 
6.219 
6.220 
6.117 
6.100 
6.161 
6.021 
cal. per gin. 
5.202 
5. 156 
5.235 
5.276 
5.392 
5.510 
5.371 
3.535 
5.666 
5.831 
5.845 
5. 728 
6. 077 
6.096 
5. 978 
5.938 
6. 241 
6.072 
6.242 
6.109 
6.091 
cal. per gin. 
5.202 
5.156 
5.235 
5.276 
5.392 
5.472 
5.748 
5.845 
5. 967 
6.057 
6.148 HENRY A. ~L~RAY~ JR.  421 
(Table VII) and were therefore used to define the curve (Fig. 7) relat- 
ing inorganic matter with age.  It may be seen that the ash content of 
the dried substance is greatest during the early stages of life.  Later, 
as the time of hatching approaches, the figures suggest a  slight rise 
which may be due to the precipitation of bone-forming salts at this 
period.  The small points on the chart are the values obtained when 
the  combined  figures  for  the  percentage  concentration  of  organic 
matter (protein and fat) as read from the two curves (Figs. 4 and 5) 
6.2 
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Fio.  8. The calorific  value of a gin. of dried tissue as a function of the incubation 
age of chicken embryos.  X =Tangl's  results;  o =author's results. 
are subtracted from 100 per cent.  (Column 5, Table XI.)  Accord- 
ing to the curve as drawn there is about i per cent of the dried weight 
to  be  accounted for by carbohydrate.  This  calculation,  of course, 
is  extremely crude,  but  the  closeness of the fit  suggests  that  6.25 
X  nitrogen is a fair approximation for the protein concentration, and 
that a  short ether-alcohol followed by a  prolonged anhydrous ether 
extraction yields a mixture which may be considered to be mostly fat. 
The results of the estimations with the bomb  calorimeter (Table 422  PHYSIOLOGICAL  ONTOGENY.  Vll 
VIII), together with Tangl's results  (Table IX)  show (Fig.  8)  that 
there is an increase with age in the fuel value of the dried substance 
of the embryo.  This is evidently due in part to the decrease of the 
inorganic and increase of the organic fractions of the solid material and 
in part  due to  the increasing proportion of fat  as  compared with 
TABLE  IX. 
Calorific Value o/Embryos  in Terms of Age. 
(after Tan'gl.) 
1  3  4  5 
Wet weight of  Dry weight of  Calorific  value of  Calories  per gin. o 
embryo,  embryo,  embryo,  dry substance. 
gm, 
0.88 
2.61 
4.71 
6.90 
13.0 
20.8 
24.0 
29.6 
30.2 
2 
Calculated age. 
days  g~. 
7.4  O.O5 
10.0  0.19 
11.8  0.41 
13.1  0.71 
15.5  2.57 
17.7  3.88 
18.4  4.33 
19.5  6.07 
19.7  5.18 
0.269 
1.04 
2.20 
3.78 
15.58 
23.89 
27.34 
36.68 
31.63 
5.38 
5.48 
5.36 
5.32 
6.06 
6.16 
6.32 
6.04 
6.11 
TABLE  X. 
Calorific Value of Unincubated Eggs. 
Calories per gin. of  Egg No.  Test No.  dry substance.  Average  for each  egg. 
6922 
6945 
7084 
7083 
6800 
6933 
7084 
6800 
Average  ...................................................  6939 
protein.  With age the fuel value of the embryo approaches that of 
its environment; i.e.,  yolk +  albumin (Table X). 
In calculating the heat developed by the oxidation of protein the 
nitrogen content has been multiplied by 6.25  to obtain the protein 
content and the result multiplied by 5.7, which is the calorific value 
of egg albumin and is frequently taken as a representative figure for HENRY  A. MIIRRAY, JR.  423 
tissue proteins.  The ether extract content multiplied by 9.3 was used 
as a measure of the calories from the fat fraction of the oxidized organic 
material  (Table  XI).  These  results  may  be  examined  graphically 
(Fig. 9).  The circles represent the calorific value per gm. of organic 
material  calculated on the basis described above, the curve shows the 
figures empirically determined (cf.  Fig. 8).  It may be seen that  there 
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FIG. 9.  The calorific value of a gm.  of dried tissue as experimentally deter° 
mined  (  )  (cf.  Fig. 8) and as ca]culated from the nitrogen and fat esti- 
mations (o). 
is a rather wide divergence in the results obtained by the two methods, 
more  marked  in  the  beginning  than  at  the  end  of  the  incubation 
period. 
The variability in the results of the actual analytical work may be 
judged from the  figures for the  standard  errors  given in  the  tables. 
These are entirely insufficient to account for the discrepancy.  It is 
suggested that either or both of the two constants used in our calcula- 
tions  of  fuel  value  from  the  protein  and  ether  extract  figures,  i.e. 424  PHYSIOLOGICAL  ONTOGENY.  VII 
5.7 and 9.3 respectively, are too high for embryonic constituents dur- 
ing the early days of incubation.  For instance, if one used 5.4 instead 
of 5.7 for the calorific value of 1 gin. of protein, the figures would be 
found to agree with  the  calorimetric  determinations.  Moreover,  it 
TABLE  XI. 
Figures for the Concentration of Inorganic Matter and the Calorific Value of Chicken 
Embryos in Terms of Age As Calculated from Nitrogen and Fat Estimations. 
1 
Age. 
days 
5 
6 
7 
8 
9 
10 
,11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
7  8 
Calories per  gin. of dry  Calories  per 
substance  gm. of dry 
from fat.  substance. 
1.35  5.37 
1.38  5.40 
1.41  5.43 
1.45  5.47 
1.50  5.52 
1.53  5.55 
1.58  5.60 
1.63  5.65 
1.69  5.71 
1.76  5.78 
1.85  5.87 
1.96  5.95 
2.11  6.03 
2.34  6.10 
2.63  6.19 
2.93  6.29 
Columns 2 and 3 give the values as read from the curves (figures respectively). 
Column 4  =  Column 2  +  Column 3. 
Column 5 =  100 -  Column 4. 
Column 6 = 5.7 ×  Column 2. 
Column 7 = 9.3 ×  Column 3. 
Column 8  =  Column 6  +  Column 7. 
is clear that the difference between theoretically calculated and experi- 
mentally determined results is greater in the early days of embryonic 
life.  The error involves the use of constants based on the constitu- 
ents of adult tissue rather than embryonic tissue.  This, if true, would 
lead to an interesting fact, namely that just as the fuel value per gin. HENRY  A.  MURRAY,  JR.  425 
of organic matter increased with age due to the increased proportion 
of fat, so also did the fuel value of either or both the protein and fat 
fractions rise, due to the increasing proportion, within each group, of 
substances with relatively high calorific values. 
The figures for the fuel value may also be used for a further analysis 
Pee 
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FzG. 10.  The percentage rate of growth of dry solid (X) and the percentage rate 
of growth of calorific  value (°), both described by the thick line, compared with 
the percentage rate of growth of the whole emb  .ryo (  ) as equated against 
the incubation age. 
of the growth problem.  Not only total  growth, but  independently 
the rate of growth of the solid substances,  of organic matter, or  of 
potential energy may be studied. 
In development there are two processes of major importance occur- 
ring simultaneously, (1) the integration and (2) the rearrangement of 
matter.  The second to a  certain extent may be said  to  counteract 426  PHYSIOLOGICAL  ONTOGENY.  VII 
the  first.  If  there  were  no  changes  in  chemical  form  with  age,  if 
for instance the solids "bound"  as much water during the latter part 
of  embryonic  life  as  they  do  at  the  beginning,  the  embryo  at  birth 
TABLE  XII. 
Growth Rate of the Calorific Value of Chicken Embryos at Successive Ages. 
1  2  3  4  5  6  7 
Calories per  Calorific  value  Daily  Mid-  Rate of 
Age.  Dry weight  gin. of  of embryo,  increment,  increment,  growth of 
of embryo,  dry substance,  calorific value. 
cal.  per c~'~t  days 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
~g. 
11.75 
23.6 
43.0 
73.8 
118.1 
186.3 
288.8 
449.5 
690.5 
1099 
1674 
2360 
3090 
3887 
4719 
5.120 
5.135 
5.155 
5.180 
5.200 
5.220 
5.250 
5.290 
5.375 
5.510 
5.725 
5.865 
5.960 
6.025 
6.080 
0.0602 
0.1212 
0.2217 
0.3823 
0.6141 
0.9725 
1.5162 
2.3778 
3.7114 
6.0555 
9.5836 
13.841 
18.416 
23.419 
28.691 
0.0610 
0.1005 
0.1606 
0.2318 
0.3584 
0.5437 
0.8616 
1.3336 
2.3441 
3.5281 
4.2574 
4.575 
5.003 
5.272 
O.O807 
0.1305 
0.1962 
0.2951 
0.4510 
0.7026 
1.0976 
1.8388 
2.9361 
3.8927 
4.4162 
4.789 
5.137 
66.6 
58.8 
51.4 
48.0 
46.4 
46.3 
46.2 
49.5 
48.5 
40.6 
31.9 
26.0 
21.9 
The  method of calculation used in this table is similar to  that  employed in 
estimating the percentage growth rate of dry substance (Table III). 
Column 2 is the same as Column 7 (Table III). 
Column 3 gives the values as obtained graphically from the smooth curve for the 
calorific  value of dried embryonic tissue (Fig. 8). 
Column 4  =  Column 2 X  Column 3. 
Column 5 gives the differences between the values listed in Column 4. 
Column  6  gives values which are  midway between the increments listed in 
Colunm 5,  and which tend, therefore, to approximate the instantaneous rate of 
growth of calorific value for the indicated age. 
Column 6 
Column 7  =  --, or the percentage rate of calorific growth. 
Column 4 
would  weigh  approximately  three  times  as  much  as  it  does.  The 
percentage rate of growth for a dry substance and for the calorific value 
during the embryonic period may be graphically represented (Fig. 10). 
The method  by which these figures were obtained may  be understood HENRY  A.  MURRAY,  JR.  427 
by examining the tables (Tables III and XII).  The daily increments 
of energy for each age are given.  As an approximation of the instan- 
taneous rate of energy storage  per gm. of  embryo the mid values 
between successive increment values have been divided by the weight 
of the embryo at that age as obtained by the formula log W  --- 3.6 log 
t  -  0.175.  The graph shows that,  as compared to  the whole wet 
embryo there is during the mid period a temporary cessation of the 
decline of the growth rate.  In other words, the negative acceleration 
for the growth rate of potential energy is greatest at the beginning 
and at the end of incubation.  The maintenance of a  constant rate 
during the middle of incubation may be accounted for by the great 
relative increase of solid substance at this period.  The values for the 
rate of growth of the total dry weight follow those for potential energy 
quite closely, so that the same curve may be drawn to describe them 
both. 
DISCUSSION. 
(a) 
The organism  may be  viewed as  a locus  for  the absorption,  storage, 
and elimination of chemical energy.  Substances of fuel value which 
are  absorbed may be stored without change of form, may become 
synthesized and stored as complex constituents of protoplasm, or may 
be immediately utilized as sources of energy.  It would appear that 
the energy liberated during life is mostly at the expense of the more 
differentiated chemical elements of  protoplasm,  glycogen, protein, 
and fat, and that only rarely are the simpler substances directly  burned 
in the form absorbed; that is, without undergoing a preliminary syn- 
thesis. 
In view of the uncertainty about such matters the amount of anab- 
olism cannot be estimated.  The terms used in the present analysis, 
however, are subject to direct measurement.  It is clear that: 
A  (absorbed energy)  =  S  (stored energy)  +  ~  (eliminated energy) 
When the amounts absorbed and eliminated are equal the organism 
may be said to be in energy equilibrium and there will be no storage; 
i.e.,  the absorption/elimination ratio or more briefly the A/E  ratio, 
will be unity. 428  PHYSIOLOGICAL  ONTOGENY.  VII 
In  this  study we  have measured the  calorific value  or  potential 
energy per gin. of substance at each age during embryonic life.  The 
increments from day to day give an approximate measure of the rate 
of storage (S). 
Since (A)  =  (S)  +  (E), we need only measure the daily increment 
of energy (AS) and the amount of catabolism  during the same period 
(AE) to know the amount of absorption  (All) per day.  This matter 
will be discussed further at a later date when analyses for the respira- 
tory exchange have been completed. 
(b) 
Before undertaking these particular experiments we were impressed 
by what seemed to be a natural scale or gradient, as judged by various 
criteria, of the chief groups of substances under consideration, namely 
salt, carbohydrate, protein, and fat,--an order which by similar stand- 
ards might likewise and with more confidence be made to apply to the 
substances within each group.  It was thought, moreover, that since 
these  organic  substances  exist in nature  as constituents  of living 
matter,  progressive changes in  molecular complexity would involve 
greater heterogeneity and thus structural and functional  differentia- 
tion  of the organism.  Thus,  the elaboration of organic substances 
and biological evolution might be considered as mutually dependent. 
Variations  and mutations may be conceived of primarily as new 
physicochemical states which supply the necessary conditions for new 
functions; for instance, more complex syntheses; and thus, with time, 
chemical substances of greater structural and functional complexity 
would come into being and these in a measure would determine histo- 
logical  and  physiological  potentialities.  It  seems,  moreover, that 
with phylogenefic differentiation organisms lose the power to perform 
some  of the  simpler  syntheses,  for  which  they become dependent 
upon lower forms; but on the other hand they attain to more compli- 
cated chemical activity.  Just as one finds in general that along any 
direct line of descent, as shown for instance by the paleontological 
record, there has been a gradual increasein the ratio brain mass/muscle 
mass, so also would change, it is postulated, the ratio fat/carbohydrate. 
Due to the apparent uniformity of the sequences observed in similar 
chemical reactions and more generally in all forms of evolution, the HENRY A.  MURRAY, JR.  429 
same general tendencies in all direct ancestral progression would be 
evident whether one assumed monophyletic or pluriphyletic develop- 
ment.  Finally with ontogeny, despite one's realization of the limita- 
tions of the present modified recapitulation theories, one would expect 
substances of increasing complexity to be absorbed to form the more 
differentiated structures, or conversely that the organism, must needs 
become specially differentiated to utilize for its economy the more 
complex substances in its environment. 
On this basis a tentative prediction was considered, that the follow- 
ing ratios would  be found to decrease with age during ontogeny: water/ 
solid;  inorganic/organic;  carbohydrate/protein;  protein/fat.  The 
results reported in the present communication confirm this hypothesis 
in all respects except one.  The carbohydrate, in so far as its concen- 
tration may be judged by the amount of glycogen in the tissues, falls 
out of line.  It was found to follow in point of time rather than to 
precede the protein peak.  There may be an error in using glycogen, 
which is present in only very low concentrations, as index of the total 
carbohydrate content of the embryo, but, for the present, we must call 
attention  to  this  exception  and  let  the  matter  stand.  The  facts 
show that the salts are found in greatest abundance at the inception 
of development, protein during the mid period, and fat at the very 
end.  There are other instances in which these substances may be 
said to form a similar sequence. 
This order holds when carbohydrates, protein, and fat are compared 
in respect to [1] calorific value and [2] the respiratory quotient result- 
ing from their combustion.  It is generally held that the earth has been 
cooling rhythmically during its  history.  If so,  ever since the first 
appearance in organic evolution of a  mechanism for maintaining a 
stable internal temperature, there would seem to be an ever increasing 
need for food substances of  greater  fuel value.  Krogh and Krogh 
(18)  have  found  that  [3]  the  ratios  of  carbohydrate/protein  and 
protein/fat in  the average diet decrease in general as one proceeds 
from northern climates  towards  the equator.  The values obtained 
by Bohr and Hasselbalch (19)  for [4] the respiratory quotient during 
the chick's embryological development  suggest a gradual fall with age. 
Needham (20) has collected evidence to show that glucose is metabo- 
lized in the beginning of incubation and it is certain, as many workers 430  PttYSIOLOGICAL  ONTOGENY.  VII 
have shown, that fat is burned almost exclusively during the latter 
stages.  As Bohr and Hasselbalch made no correction for the CO~ ab- 
sorbed  by the yolk and albumin,  and therefore retained within the 
egg, it is probable  that their CO2 values are too low.  This correc- 
tion would affect principally the early part of incubation, since at this 
time the outside substance (i.e.  the yolk and albumin) are very great 
relative  to  the  mass of the embryo.  As a  result  of  this  omission, 
probably Bohr and Hasselbalch's figures for the respiratory quotient 
are too low especially during the initial stages of embryonic life, and 
the fall with age is actually more pronounced than it is represented. 
This  is another instance of the gradient. 
Although there is no general agreement in the matter it is usually 
maintained that plant  preceded animal life in  geologic time.  The 
simplest syntheses deriving their energy from the sun seem to involve 
[5]  the formation of the lower members of the  carbohydrate  series. 
Certain  it  is  that  [6]  the  carbohydrates  are  important  structural 
elements and are found most abundantly in plants,  whereas fat and 
protein are more plentiful in animal tissue. 
The order of ranking the substances also holds in respect to  [7]  the 
site in the gastrointestinal tract  of the initial hydrolysis by digestive 
enzymes and [8] the location, ease, and rapidity of absorption. 
Finally a very rough sort of analogy may be called to mind.  The 
experiments of Lyon (21)  and Herlant (22)  on sea urchin  eggs have 
shown that for a short time after fertilization the interdivisional pe- 
riod is marked by progressive changes in the susceptibility of the cells 
to  various kinds  of toxic  agents.  It  was  found  that  in  the  early 
stages immediately after cleavage [9] the cells were more affected by 
water-soluble substances, salts, KCN, acids, and alkalies, and in  the 
later  stages  preceding  mitotic  division,  by  lipoid-soluble  agents, 
chloral,  acetone, chloroform, and ether.  These findings were attrib- 
uted to changes in permeability and it was suggested that during the 
development of each individual cell the constitution of the membrane 
changed so that at first it was more freely permeable to water-soluble, 
and later to fat-solub  1  e substances, or in other words the concentration 
of lipoids on the surface increased with the age of the cell.  This cycle 
for each individual cell seems to have its counterpart in the embryologi- 
cal cycle. HENRY A.  MURRAY, JR.  431 
The mere enumeration of these analogies is all that we have to say 
for the present on the subject of chemical evolution in relation to 
ontogeny. 
SUMXCARY. 
1.  The water, ash, glycogen, nitrogen, and ether extract content of 
the tissues of chicken embryos were determined between the 5th and 
the 19th days of incubation. 
2.  It was found that the concentration of solid substance changed 
from approximately 5 to 17 per cent during this interval.  The chief 
change in the organic substances involved a relative decrease in the 
nitrogen as compared with the fat. 
3.  Bomb calorimetric estimations confirmed these findings.  It was 
shown that the calorific value of the dried substance increased with 
age. 
4.  The rate of growth of the total solids, and of the potential energy 
of the tissues was estimated. 
5  Various theoretical considerations were brought forward dealing 
chiefly with the order in which the chief organic substances, carbohy- 
drate, protein, and fat could be ranged when judged by various criteria. 
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advice during that part of the investigation which was conducted in 
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